Abstract We determined the ventilatory volume and pressure required to maintain a Paco, of 40 mmHg in dogs at between 0.5 and 16 Hz. The ventilator used was that incorporating a powerful, specially made loudspeaker to which a sine-wave signal was introduced. A windmill-type flowmeter measured the minute volume. The tidal volume, expressed per kg of body weight, was 16.1 at 0.5 Hz, decreasing linearly with log f, and reaching a value of 6.1 ml/kg at 16 Hz. The minute volume increased 10 times from 0.5 to 16 Hz. The intratracheal pressure was 12 to 13 cmH2O between 0.5 and 2 Hz, rising to 16 at 4 Hz and finally reaching 77.2 cmH2O at 16 Hz. The Pao2 values were always above 500 mmHg when Flo, was 1.0. The frequency-impedance data were analyzed for R, I, and C values. The fitting of the data to an R-I-C series model was good, but the R values obtained were considerably higher than those reported using a smaller amplitude of oscillation. Key Words: high frequency ventilation, tidal volume, intratracheal pressure, pulmonary mechanics, R-I-C series model. The aim of this investigation was to determine the ventilatory volume and pressure required to maintain a Paco, of 40 mmHg in dogs during controlled ventilation at various frequencies. It has been fairly customary to apply a respiratory rate for artificial ventilation more or less similar to that for spontaneous respiration. Recently, quite a few reports have appeared on what is called "highfrequency positive pressure ventilation (HFPPV)," or "oscillatory ventilation," in which the positive pressure ventilation was applied using a rate considerably higher than normal. Although it was found useful in many clinical situations, its basic physiology has not been studied sufficiently. A study by Bohn et al., although quite informative, focused upon a specific frequency of 15 Hz for certain reasons (BOHN et al., 1980) . In this study, we report the results of our study of the physiology, ventilatory volumes and pressure of HFPPV required to maintain a Paco, of 40 mmHg in dogs over a wider-than-normal frequency range of between 0.5 and 16 Hz.
The aim of this investigation was to determine the ventilatory volume and pressure required to maintain a Paco, of 40 mmHg in dogs during controlled ventilation at various frequencies. It has been fairly customary to apply a respiratory rate for artificial ventilation more or less similar to that for spontaneous respiration. Recently, quite a few reports have appeared on what is called "highfrequency positive pressure ventilation (HFPPV)," or "oscillatory ventilation," in which the positive pressure ventilation was applied using a rate considerably higher than normal. Although it was found useful in many clinical situations, its basic physiology has not been studied sufficiently. A study by Bohn et al., although quite informative, focused upon a specific frequency of 15 Hz for certain reasons (BOHN et al., 1980) . In this study, we report the results of our study of the physiology, ventilatory volumes and pressure of HFPPV required to maintain a Paco, of 40 mmHg in dogs over a wider-than-normal frequency range of between 0.5 and 16 Hz.
METHOD
High frequency speaker ventilator. The high frequency ventilator using a loudspeaker of our own design has been described elsewhere (SUWA, 1980; SUWA and TAGAMI, 1981a, b) . In essence, it utilizes a loudspeaker as a piston, which is driven by a power-amplifier, to which, in turn, a signal is introduced from an electronic oscillator generating sine-waves at various frequencies. The respiratory circuit has no valve and is quite similar to the Jackson-Rees circuit (JACKSON REES, 1958) widely used in anesthesia and in an ICU environment, the manual compression of the bag of which was replaced by the stroke of a loudspeaker (Fig. 1 ). The original model, which utilized a commercially available loudspeaker (Fostex FW 200) and an old amplifier, was able to maintain the Paco, of 10 kg dogs below 40 mmHg only at 3 and 5 Hz, its pressure output not exceeding 35 cmH2O (SUWA, 1980) . We, therefore, revised the model in two ways. First, we changed the amplifier for a more modern model using a higher power output and a direct coupling circuit (Sony, stereo-amplifier, TA-N86; 80 W per channel). Second, we changed the loudspeaker for a specially manufactured model (Fostex, special order), which incorporates a heavy, rigid and flat-surfaced cone, strong suspension, a voice-coil of large diameter and heavy line, a powerful magnet, and an efficient heat-radiating system. This system can continuously generate a pressure of up to 95 cmH2O (peak to peak) against 1 liter of closed volume, and a tidal volume of more than 200 ml when open to air. Preliminary experiments showed it could ventilate dogs satisfactorily at any frequency between 0.5 and 8 Hz, and with the logarithm of the frequency (log f), reaching the value of 53.3 ml at 16 Hz. Minute ventilation was 5.2 liters/min at 0.5 Hz, increasing gradually with the increase in frequency, reaching 51.4 liters/min at 16 Hz (Fig. 2) . The amplitudes of Pit (peak to peak : 4Pit) were almost unchanged between The mean values were calculated in three ways. Mean 1 indicates that the curvefitting was performed for the mean Zp at each frequency, and mean 2 indicates that the curve-fitting was performed for all data lumped. Mean 3 indicates that the curve-fitting was performed for individual animals, the R, I, C values determined then being averaged. For comparison, data from Tsai et al. are also included.
The Pao2 values were more than 500 mmHg at all frequencies, except that the mean Pao2 at 16 Hz was 487 mmHg. This, however, should not be interpreted as showing that ventilation at a very high frequency disturbs oxygenation (see DISCUSSION). The Pito°, values at various points down into the endotracheal tube, when averaged over a respiratory cycle, were generally higher at a lower frequency. This indicates that the CO2 gradient from alveolus to carina is larger at higher frequencies. This may be contrary to what was expected (see DISCUSSION) (Fig. 5) .
The fitting of the frequency-impedance data to a series R-I-C model was fairly good. The calculated values of R, I, and C are presented in Table 1 
